Alloparental care, where foster parents feed or defend foreign nestlings, has been reported in many bird species (Riedman 1982) . This seemingly altruistic behaviour does not show a uniform pattern among bird groups, and has different interpretations according to when the adoption takes place, and whether the young are precocial, semiprecocial or altricial (e.g. Pierrotti 1991 , Choudhury et al . 1993 , Redondo et al . 1995 , Brown 1998 .
In the case of raptors, temporary or permanent adoptions have been reported in several species, mainly in the postfledging period (e.g. Poole 1982 , Simmons 1992 , Bustamante & Hiraldo 1993b . In these cases, alloparental behaviour is apparently initiated by the demand for food from fledglings, and may be forced (the result of kleptoparasitism) or arise through the parents' inability to discriminate. Bustamante and Hiraldo (1993b) observed that fledgling adoptions were more frequent in the territorial Red Kite Milvus milvus than in the colonial Black Kite M. migrans . They suggested that colonial species may be better at recognizing offspring than solitary ones, given that fledgling intrusions are potentially more frequent in colonial contexts (see also Simmons et al . 1987) , and that alloparental feeding may happen maladaptively in territorial species when breeding at high densities. However, this hypothesis has never been explored further.
We report on the occurrence of alloparental feeding of fledglings in the semicolonial Montagu's Harrier Circus pygargus . We also examine, through the acceptance of introduced nestlings and fledglings and the agonistic behaviour of parents, whether Montagu's Harriers can recognize their own offspring. Finally, we discuss these data together with those published in other raptor species to evaluate whether misdirected feeding is more common in territorial than colonial raptors.
METHODS
From 1993 to 1995, we monitored 89 individually identifiable wing-tagged Montagu's Harrier fledglings from 29 nests in north-eastern Madrid province (central Spain, 40 ° 38 ′ N, 3 ° 30 ′ W). All nests in the study area were in cereal fields. Most (85%) pairs bred in clumps of 2-16 nests. The average nearest-neighbour distance in colonies was 220 ± 141 m ( n = 331). We defined the number of neighbours as the number of nests within 600 m. Nests were monitored twice a week for 2-3 h. Adults from the monitored nests were identified by wing-tags and plumage characteristics. The main aim of that study was to evaluate feeding rates (Arroyo 1995) , and agonistic interactions between adults and fledglings were rarely quantified. Detailed data on parent-offspring behaviour during the post-fledging period were obtained in 1996 in Marais de Rochefort (Charente-Maritime, western France, 45 ° 57 ′ N, 0 ° 55 ′ W), when a colony of 10 pairs (where 60% adults were wing-tagged) with 29 wing-tagged fledglings was observed every 2 days. In addition to prey deliveries, agonistic interactions (chases followed by diving or talon presentation) were quantified, whether they were initiated by the adults or by the fledglings and, if the former, whether they were directed towards a fledgling of their own or another brood.
When nesting in cereal crops, unfledged Montagu's Harrier chicks may be killed at harvest time, and conservation measures have been implemented in many areas. In Madrid, we occasionally introduced nestlings into foster nests when no other conservation measures were possible. Foster nests were chosen so that the age of the nestlings was similar (within 4 days) to that of the introduced nestlings. We introduced one chick at each nest ( n = 14), except in two cases when part of the foster brood had died due to harvesting activities, and where we introduced two nestlings in each nest.
RESULTS
In Madrid, fledglings followed and solicited food from food-carrying adults that were not their parents in 12 out of 58 prey deliveries, primarily in large colonies: this was never observed for prey deliveries in nests with 0-1 neighbours ( n = 8), only once in a nest with two or three neighbours ( n = 9), but it happened in 25% of prey deliveries at nests with more than four neighbours ( n = 41). Such behaviour was also observed in Rochefort, but it was not quantified. In some cases (three in Madrid, seven in Rochefort) soliciting by unrelated fledglings was accompanied by chases and dives on the adult to try and steal the food. Four of these kleptoparasitic attempts were successful (two in Madrid, two in Rochefort). Only on three occasions did we observe non-pirated prey deliveries from adults to unrelated fledglings. Two of these observations (at Rochefort) involved two males whose own fledglings had already left the breeding area. Each of these males was seen once *Corresponding author. Email: bea@ceh.ac.uk delivering food to a different dependent fledgling from the same brood. The third observation (in Madrid) represented a case of permanent adoption. The foster pair nested in a large colony with 13 other pairs. They lost their own nestlings (aged 26-28 days old, just prefledging age) when the field where the nest was located was harvested. A fledgling from a nearby nest (second from a brood of four) was seen 2 days later in the nest area of the foster pair, 400 m away from its own nest area. Both male and female from the foster nest were seen feeding the adopted fledgling 15 days after the adoption.
Parents were apparently able to recognize their fledged offspring. First, adults in Rochefort attacked unrelated fledglings twice as frequently as their own fledglings (0.015 ± 0.01 vs. 0.070 ± 0.05 attacks per hour, paired t -test, t = 4.01, n = 10, P = 0.005). Secondly, Montagu's Harriers in Madrid accepted foster nestlings introduced into their nests, but not fledglings: from 1991 to 1996, we introduced 15 nestlings aged 15-20 days into 14 nests. All of these introductions were successful: parents fed the introduced nestlings, and behaved similarly towards them and their own offspring after fledging. In contrast, we introduced three nestlings aged 27-29 days to two nests where some of the foster nestlings were already making their first flights. In both of these occasions, introduced nestlings were not accepted, i.e. they were not fed and were attacked by the adults if they solicited food, and had to be retrieved two days after introduction for their own welfare.
DISCUSSION
Alloparental care may be adaptive if foster parents gain benefits from their behaviour. Simmons (1992) described how a male African Marsh Harrier Circus ranivorus adopted the brood of a female that had recently lost her mate. Its breeding performance in subsequent years suggested that young adults may gain experience, a territory or a mate for future breeding through such behaviour. Such an explanation probably does not apply to the cases of alloparental care observed in the Montagu's Harrier, given that they occurred when neither parent was missing, and that mate fidelity is extremely low in this species (A. Leroux & V. Bretagnolle unpublished results). In the Montagu's Harrier, an important component of alloparental provisioning after fledging was the result of kleptoparasitism, and occurred mainly in large colonies (see also Pandolfi & Giacchini 1990) . That the frequency of kleptoparasitic attempts increased with colony size indicates that they might represent some cost of coloniality. Nevertheless, successful attempts were rare (< 2%), so this cost is probably low. When not forced, alloparental feeding was only performed by breeding adults no longer engaged in feeding their nestlings. The only observed case of permanent adoption involved a pair that had lost their brood just before the adoption, as in the only case of adoption observed in the Black Kite (Bustamante & Hiraldo 1993b) . Parent Montagu's Harriers have been observed bringing food to the nest a few days after the brood died. This maintenance of parental investment after failure or fledgling departure might result from endocrinological mechanisms, which might be exploited by intruding fledglings in the same way that penguin chicks exploit failed breeders (Jouventin et al . 1995) .
In any case, fledgling adoptions and misdirected feeding behaviour were relatively rare in the semicolonial Montagu's Harrier, as in other colonial species. Temporary or permanent adoptions involved more than 10% of the nestlings and nests in only one out of five colonial species, whereas such values were reached or exceeded in four out of five solitary species (Table 1) . Bustamante and Hiraldo (1993b) stated that adoptions or allofeeding are a maladaptation for normally solitary species breeding at high densities. The latter implies that only species that are adapted to clumped nesting might have developed mechanisms preventing misdirected investment, such as fledgling recognition. The rejection of introduced fledglings and the higher aggression towards foreign fledglings observed in this study suggest that Montagu's Harriers were able to recognize their own fledglings (as observed in Northern Harriers Circus hudsonii by Simmons et al . 1987 ), although maybe not nestlings. Breeding raptors do not seem to discriminate against foreign chicks during the nestling period, and will raise nestlings that are not their own (review in Postupalsky & Holt 1975) . Selection for nestling discrimination mechanisms in raptors has probably never occurred, given that nest switches by nestlings are extremely rare. They have only been described in the Lesser Kestrel Falco naumanni nesting colonially in buildings (Tella et al . 1997) , where nestlings can walk between nests. In contrast, the benefits of fledgling discrimination are higher, as the probability of fledgling intrusions and kleptoparasitism is high in colonial contexts (e.g. this study). The latter might have selected for offspring discrimination at the fledgling stage in colonial raptors. In the four colonial species with low levels of fledgling adoption, adults frequently attacked unrelated fledglings approaching their nest area (Bustamante & Hiraldo 1993a , Bustamante & Negro 1994 , Simmons 2000 . In contrast, such behaviour was rare in solitary species such as the Red Kite or the Common Kestrel Falco tinnunculus (Bustamante & Hiraldo 1993a , Bustamante 1994 . However, a different behaviour towards foreign fledglings was also observed in the Egyptian Vulture Neophron percnopterus (Donázar & Ceballos 1990 ) and the Spanish Imperial Eagle Aquila adalberti (Ferrer 1993) suggesting that these species also had discriminating abilities, but that they were not efficient in avoiding misdirected behaviour when at very high density. In other words, offspring recognition alone might not prevent misdirected feeding behaviour.
Finally, mechanisms of offspring recognition in raptors are still unknown, and the question of how fledglings but not nestlings are recognized is also unclear. Parent-offspring or sibling recognition is based in acoustic signals in many bird species (e.g. Wanker et al . 1998 , Jouventin et al . 1999 . In many raptor species, chick calls change prior to, or after, fledging (Cramp & Simmons 1980) , and the structure of chick calls and the information contained may also change with age (BrittanPowell et al . 1997) . A potential explanation for fledgling but not nestling recognition in raptors could thus be that chick call structure changes prior to fledging to include individual characteristics. Further research would be needed to identify the costs and benefits of discrimination and aggressive behaviour at different nesting densities, the mechanisms of fledgling recognition, and when these mechanisms are developed during the rearing period.
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